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ABSTRACT 

Background: Diabetic cardiomyopathy became a subject of great interest and the evidence for this entity is rapidly 
emerging as the incidence of heart failure is increasing in those patients even with no hypertension or coronary artery 
disease (CAD). Objective: The current study was aimed at early detection of subtle left ventricular systolic 
dysfunction by speckle tracking echocardiography in patients with Diabetes Mellitus with and without hypertension. 
Patients and methods: This study included a total of 100 asymptomatic poorly controlled diabetic patients with or 
without hypertension and no structural heart disease and 25 age-matched apparently healthy control subjects 
attending at Cardiology department, Al-Azhar University Hospital in Damietta. The included subjects were divided 
into three groups; Group I (control) consisted of 25 apparently healthy subjects, Group II (diabetic normotensive 
group) consisted of 64 patients and Group III (diabetic hypertensive) consisted of 36 patients. The following were 
done for all: resting ECG, HbAIc, conventional echo assessment and finally strain imaging with measurement of 
LV-GLS and LV-GCS. Results: There was a significant inverse correlation between the duration diabetes, BMI and 
LV-GLS. On the other hand, there was no significant correlation between hypertension or HbAlc and 
echocardiographic parameters including conventional and strain methods. Patients with higher BMI had more 
decrease in LV circumferential strain while patients with longer periods of DM and higher values of BMI had a 
decrease on both global LV longitudinal and circumferential strains. 

Conclusion: It could be concluded that assessment of left ventricular (LV) systolic function in patients with diabetes 
mellitus by speckle tracking echocardiographic modalities can detect subtle LV dysfunction earlier than 


conventional echocardiographic measures. 
Keywords: DM, CAD, LV. 


INTRODUCTION 

The incidence and mortality of diabetes mellitus 
(DM) in and of itself may be increased in patients with 
congestive heart failure, irrespective of their 
hypertensive or ischemic heart disease status ®. 

In an analysis of heart failure with preserved 
ejection fraction (EF), type 2 DM was associated with 
a significantly increased risk of developing adverse 
outcomes of heart failure ”. To prevent the progression 
of heart failure in diabetic patients, a sensitive method 
of diagnosing the presence of diabetic cardiomyopathy 
is important ®©. However, clinical diagnostic surrogates 
to monitor myocardial disease progression in diabetic 
patients are not well established “. 

Myocardial strain echocardiography can detect 
myocardial damage beyond that indicated by EF by 
assessing myocardial deformation in any direction ©. 

Assessment of LV systolic function may be carried 
out by either conventional echocardiogram or by 
speckle tracking strain imaging and several studies 
emerged over last few years reporting the use of speckle 
tracking strain imaging to detect subtle changes in the 
ventricles ®©. Speckle-tracking echocardiography has 
recently emerged as a quantitative ultrasound technique 
for accurately evaluating myocardial function by 
analyzing the motion of speckles identified on routine 
2-dimensional sonograms. It provides non-Doppler, 
angle-independent, and objective quantification of 
myocardial deformation and left ventricular systolic 


the speckles during the cardiac cycle, strain and the 
strain rate can be rapidly measured offline after 
adequate image acquisition ”. 

Speckle tracking imaging = allows angle- 
independent evaluation of multidirectional LV strain in 
radial (RS), circumferential (CS) and longitudinal (LS) 
directions, and RV longitudinal strain . 

The study was aimed at early detection of subtle left 
ventricular systolic dysfunction by speckle tracking 
echocardiography in patients with Diabetes Mellitus 
with and without hypertension. 


PATIENTS AND METHODS 

This study included a total of 100 asymptomatic 
poorly controlled diabetic patients with or without 
hypertension and no structural heart disease and 25 
age-matched apparently healthy control subjects 
attending at Cardiology department, Al-Azhar 
University Hospital in Damietta. Approval of the 
ethical committee and a written informed consent 
from all the subjects were obtained. 

This study was conducted between August 2018 to 
July 2019. 

The included subjects were divided into three 
groups; Group I (control) consisted of 25 apparently 
healthy subjects, Group II (diabetic normotensive 
group) consisted of 64 patients and Group HI (diabetic 
hypertensive) consisted of 36 patients. 

Exclusion criteria: 


and diastolic dynamics. By tracking the displacement of 1) Patients with coronary artery disease. 
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2) ECG abnormalities. 
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3) LV wall motion abnormalities on echocardiography. 
4) Significant valvular heart disease. 

5) Rhythm other than normal sinus rhythm. 

6) LVEF <50%. 


l. 


Thorough Clinical Examination and History 
Taking: for assessment of (Cardiac symptoms 
(palpitation, syncope, chest pain and exertional or 
resting dyspnea). A detailed medical history was 
obtained from all patients including cardiovascular risk 
factors, history of previous medication intake and 
history of other medical problem with special emphasis 
on antidiabetic and antihypertensive drugs. Body mass 
index (BMI) was calculated for all patients as follows: 
BMI= weight/(height in meter’) 


2. Laboratory determination of HbAlc: all patients 


included in the study were subjected to this test to 
confirm poor control of diabetes before enrolling the 
patient in the study. 


3. Resting Electrocardiogram: Twelve leads ECG for signs 
of ischemia as pathological Q wave ST — T changes 


4. Resting 


(normal, non-specific ECG changes). 

conventional Trans-Thoracic 
Echocardiography: Patients underwent transthoracic 
echocardiography at admission using X 5-1 matrix 
array probe (frequency range 1.5-4.3 MHz) connected 
to Philips IE 33 machine (Philips healthcare, MA, 
USA). 


5. Speckle Tracking Echocardiography (STE): 


e Image 


acquisition: With simultaneous ECG 
recording, 2D echocardiography images were obtained 
from apical window (to get AP4C, AP2C and AP3C 
views). All images were obtained during breath hold 
and stored in cine-loop format from three or more 
consecutive beats. The frame rate of images was 
between 50 and 90 frames/s. 


e Image Analysis: For each of the apical views (AP4C, 


AP2C and AP3C), 3 sampling points were placed 
manually at each side of the mitral annulus and at the 





apical endocardium. A region of interest (ROI) was 
then generated by the software to cover the entire 
thickness along the LV myocardium. The ROI was 
adjusted manually to provide optimal tracking. 

The GLS values were estimated after the aortic 
valve closure had been identified visually, frame-by- 
frame, in the AP3C view. When a segment had a great 
difference in segmental longtuidinal strain (SLS) 
compared with a similarly contracted neighbored 
segment, SLS was recalculated; if the problem could 
not be resolved, the segment was excluded. 

SLS values were based on the American Society 
of Echocardiography's 17-segment LV model ®. 
Segmental LS was calculated as the percentage of 
lengthening or shortening of each segment and global 
longtuidinal stain (GLS) was calculated as the average 
of regional strains. 

The myocardium of the LV in apical views was 
automatically divided into 6walls: infero-septumand 
lateral in AP4C view, anterior and inferior in AP2C 
view and antero-septum and inferolateralin AP3C 
view. Each wall is further divided into basal, midand 
apical levels ® as shown in (figure 1). 

The results of all three planes were represented 
in a single bull's-eye summary as global peak 
longtuidinal strain (GPLS) along with segmental and 
global peak circunfrntial strain (GPCS) as shown in 
(figure 3). 

The globalpeak circumferential strain (GPCS) 
was assessed from the short axis views at LV basal, 
mid and apical levels by a dedicated algorithm using a 
protocol similar to that of longitudinal strain analysis. 
In the short axis view, the myocardium of the LV was 
divided into 6 segments in both basal and mid-levels 
while the apical level was divided into 4 segments. The 
segmental cicumfrential strain (SCS) was calculated 
for each segment and the average of the all segmental 
values comprised the GPCS as shown in (figure.2). 





Figure (1): 2D longitudinal strain analysis of the LV as traced in the apical four-chamber, apical 2 chambers, 


apical 3 chamber views ®. 
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Figure (3): Bull's-eye summary of global peak longtuidinal strain values (GPLS) and global peak circumferential 
strain values (GPCS) as generated by the CMQ in a 17-segment left ventricular model ®. 





Data Collection, Statistical Analysis and = Unpaired sample t-test when comparing means of 
Presentation: patients and controls. 
= Paired sample t-test when comparing means of 
Data was collected and coded using Microsoft repeated measurements in patients. 

Office Excel Worksheet while statistical analysis was e Probability (P-value) 
performed using “MedCalc Version 13.0.6” and = P-value < 0.05 was considered significant. 
Statistical package for social sciences (SPSS) version = P-value <0.001 was considered highly significant. 
23.0 for windows. Both were used for graphical = P-value >0.05 was considered insignificant. 
presentation. e Pearson's correlation coefficient (r) test for 

correlating data and the results were interpreted as 
In descriptive analysis: follows: 
Categorical variables were expressed as frequency or = 0.0 =r: no correlation 
percentages (%) = 0.0 <r < 0.2: very weak (poor) correlation 
Continuous data were expressed as mean + SD = 0.2 <r < 0.4: weak correlation 
(standard deviation) and range. = 0.4 < r< 0.6: moderately strong correlation 

In inferential analysis we used the following: = 0.6 <r< 0.8: strong correlation 

Chi-square (v2) and Fisher's exact tests to test for = 0.8 <r< 1.0: very strong correlation 
significance when comparing categorical variables. "= 1.0=r: perfect correlation. 


Student t test (two-tailed) to test for significance when 

comparing continuous variables: 

RESULTS 

Table (1): Comparison between studied groups as regard to patient gender 


SO Group Total 
ee Control {o=25) Group II (DM(n=64) | Group IHI (DM+HTN(n=36) (n=125) 


S a ee ee 


Male | 13 | 52.0% | 28 | 43.8% | 19| 52.8% | 60| 48.0% 


Test = 0.95, p 0.62 
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The present study included 25 control subjects; 13 of them (52.0%) were males and 12 (48.0%) were females. 
In addition, it included 64 patients with diabetes mellitus (DM) without hypertension (HTN) (Group II); 28 of them 
(43.8%) males and 36 (56.3%) females. In addition, there were 36 patients with DM plus HTN (Group III); this 
groups included 19 (52.8%) males and 17 (47.2%) females. Thus, the total number of males were 60 representing 
48.0% and total number of females were 65 representing 52%. There was no significant difference between the 
groups. 


Table (2): Comparison between groups II and III as peen to draton (years) of diabetes 
Mean 


Total 
In the present work, diabetes mellitus duration among studied patients ranged from 5 to 14 years and there was no 
significant difference between group II and III as regard to duration of DM (9.10+2.46 vs 9.27+2.53 years 
respectively). 





Table (3): Comparison between studied groups as regard to BMI of studied subjects 
PT Mean [sD | Min, |Ma | F [p 
: 
oye Oven 
Two groups 
Comparisons 


Body mass index (BMI) among studied patients ranged from 19 to 32 ee or there was Seo 
significant decrease of BMI in control group 22.24+2.17, when compared to group II (25.27+3.40) or group M 
(27.3942.99). In addition, BMI was significantly decreased in group IJ when compared to group III (25.27+3.40 vs 
27.39+2.99, and p value =0.002). 





Table (4): TAO between studied groups as regard to Zeod aE T 
Ma E o ie Max. | 


E — 80 <0. E 
Two groups 
comparison 

Group T vs II 

DBP 12.38 <0.001* 
Two groups 
comparison 


Systolic blood pressure among studied populations ranged from 90 to 150 mmHg, while diastolic blood pressure 
ranged from 60 to 95 mmHg; and there was significant increase of both systolic and diastolic blood pressure in 
group II when compared to either group II or control group. However, the difference between control group and 
group H was statistically non-significant. 
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Table (5): Comparison between studied groups as regard to eve’ nemoe n (%): 


bale [| Men [sD | Mn [Mx | P f p 
w | a 


Two groups 
Comparisons 


In the present work, glycated hemoglobin ranged from 5 to 12.50 and there was significant decrease in control 
group (5.62+0.42) when compared to group H (9.59+1.28) or group III (8.99+1.28). In addition, there was 
significant increase of glycated hemoglobin in group H when compared to group III. 





Table (6): Comparison between groups I and III as regard to anti-diabetic drug therapy 
Group Total 


Group = Group III 


Lae] po | % |n | % | 
Komam |a 36 o loo [a aoa 
DM | hsin |35 | 547% |8 | 222% |43 | 430% 
therapy [insulins OD |s | 1s [a [uni [o [oo 
om o o e a erm [a aoa 

X= 14.74 _, p= 0.0027 


As regard to anti-diabetic therapy, there were 4 patients (4.0%) who not take anti-diabetic drugs, 43 patients 
(43%) used insulin, 9 patients (9.0%) were on insulin plus oral hypoglycemic drugs (OHD) and finally 44 patients 
(44.0%) were on OHD, and there was significant difference between groups H and II as regard to anti-diabetic 
drugs, where there was significant increase of percentage of patients on insulin and no treatment and significant 
decreases of insulin plus OHD and OHD in group II when compared to group III (6.3%, 54.7%, 7.8% and 31.3% 
vs 0.0%, 22.2%, 11.1% and 66.7% respectively). 





Table (7): Correlation between longitudinal strain and other variables 


por | PpP r | p | r 





As regard to correlation between longitudinal strain and studied variables, each of DM duration and BMI correlates 
with each of LS-4ch and LS-2ch. 
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Table (8): Correlation between circumferential strain and other variables among studied populations 


CS-MV 


BMI 


CS-PM CS-AP 


or | ppp 
BM | os | 862 | 129 | 200 | 187 | 063 


PLVED | -090 | 374 | =02 | AS | =060 | 552 


In diabetic groups, circumferential strain of AP was correlated with DM duration. However, no other correlation 


were found. 





Table (9): Correlation between left ventricle GLS and GCS with other variables 


BMI 


LV-GCS 


DM duration | as | on | e OO ooo 
BME | aa ta a 


Among diabetic groups, LV-GLS, was correlated with 
each of DM duration and BMI; while LV-GCS was 
significantly correlated with DM duration. Otherwise 
no significant correlation was found for other variables 
with global strain. 


DISCUSSION 

Diabetes mellitus is often associated with 
coronary risk factors, resulting in significant cardiac 
morbidity and mortality. Early detection of diabetic 
heart disease is of paramount importance, because 
timely life-style modifications and medical 
interventions could prevent or delay the subsequent 
development of heart failure which is considered one 
of major burdens for health insurance costs ®. 

As diabetes may cause impairment of left 
ventricular functions, a condition is known as 
“Diabetic cardiomyopathy” that was first described in 
1972, 4 cases with both diabetes and heart failure but 
neither arterial hypertension nor CAD and by 
anatomical dissection of the heart it revealed LV 
hypertrophy and fibrosis without evidence of coronary 
artery atheroma “, 
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So, attention of researchers had been paid for 
early detection of LV dysfunction in patients with 
diabetes for improvement of morbidity and mortality. 
Diabetic patients with normal left ventricular ejection 
fraction (LVEF) are frequently associated with 
diastolic dysfunction. However, neither diastolic 
function nor LVEF is known not to be a sensitive 
marker for the detection of subclinical LV systolic 
dysfunction as diastolic function is widely affected by 
other diseases and ageing process which could make it 
less sensitive method of detection of early LV 
dysfunction due to diabetic cardiomyopathy “. 

Early manifestation of diabetic LV systolic 
dysfunction can be detected longitudinally, because 
subendocardial fibers, which are prone to myocardial 
ischemia, have a longitudinal trajectory. 

The presence of impaired longitudinal function in 
diabetic and/or hypertensive patients has been reported 
when using tissue Doppler imaging. However, tissue 
Doppler imaging has its own limitations including 
angle dependency and the ID nature of its 
measurement as studied by Pellerin et al. “”. 

In contrast, Two-dimensional Speckle-tracking 
echocardiography (2D STE) has the advantage that it 
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allows the measurement of all principal LV strains in 
an angle independent manner, thus eliminating the 
major limitation of tissue Doppler imaging similar to 
previous tissue Doppler studies. 

The objectives of this study were to early detect subtle 
LV systolic dysfunction in patients with diabetes using 
2D STE to assess both longitudinal strains (LS-4ch, 
LS-2ch ,LS-3ch) ,Global longitudinal strain (GLS),and 
circumferential strains (CS-MV,CS-PM,CS-AP) , 
Global circumferential strain (GCS). 


In the present study, 100 consecutive patients with 
poorly controlled diabetes (proved with high levels of 
HbAlc >7) were included in the study in addition to 
apparently healthy age and sex matched control 
divided into 3 groups: 

Apparently healthy age and sex matched patients in 
control group (group I) which comprised 25 patients. 
Diabetic normotensive patients (group H) which 
comprises 64 patients. 

Diabetic hypertensive patients (group MI) which 
comprises 36 patients. 


Fifty two percent of the studied patients were 
females and forty-eight were males. 

In the present study patient age ranged from 42 to 
61 years and there was no difference between control 
and case groups. 

Diabetes mellitus duration among studied patients 
ranged from 5 to 14 years and there was no significant 
statistical difference between group IJ and III as regard 
to duration of DM (9.10+2.46 Vs 9.2742.53 years 
respectively). 

Systolic blood pressure among studied populations 
ranged from 90 to 150 mmHg, while diastolic blood 
pressure ranged from 60 to 95 mmHg; and there was 
significant increase of both systolic and diastolic blood 
pressure in group IH when compared to either group H 
or control group. 

However, there was no correlation between 
systolic or diastolic blood pressure with either global 
longitudinal or circumferential strains in contrary to 
Wolf et al. “”, who found that HT causes the 
development of subendocardial myocardial damage 
and results in LS abnormality. In their clinical 
investigation, Wolf et al. “” reported that HT without 
ventricular hypertrophy caused LS impairment. 
However, there was no significant difference in the 
strain parameters of groups II and III in the present 
study. A possible explanation for the lack of a 
significant effect of HT on strain abnormality is that it 
may be related to the high prevalence of patients taking 
antihypertensive medications in our study. 

Most of patients had been on antidiabetic (oral 
hypoglycemic, insulin or both) and antihypertensive 
(beta-blocker, calcium channel blocker, ACE-I and 
ARBS ) before the study. 
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Body mass index (BMI) among studied patients 
ranged from 19 to 32 kg/m2 and there was statistically 
significant decrease of BMI in control group 
(22.24+2.17), when compared to group II (25.27+3.40) 
or group II (27.39+42.99). In addition, BMI was 
significantly decreased in group II when compared to 
group III (25.2743.40 Vs 27.39+2.99, and p value 
=0.002). 

BMI was significantly correlated with LS-4ch, LS- 
2ch, CS-AP and GLS but not GCS. These results are 
consistent with Cozzolino et al. ®, who reported 
progressive longitudinal systolic dysfunction 
associated with obesity. 

Regarding 2D conventional echocardiographic 
parameters, mean LV-EF in groups II, MI was 
(64.98+4.08), (65.5+4.13) respectively, and in control 
group (65.16+3.83) with no statistical difference 
between the groups. As regard LVEDV, in groups I, 
III mean LV EDV was ( 103.75 + 14.08) 
(104.01+16.01) respectively while in control group 
was (108.08 £15.73), it seems to be mild decreased in 
case groups but without statistical significance 
(P=0.45). As regard LV- ESV, in groups I, III mean 
LVESV was (36.21+5.89), (35.38+6.54) respectively 
while in control group was (37.28 + 6.70) with no 
statistically significance between the groups (P=0.51). 

Regarding 2D speckle tracking variables of global 
function, in our study there was a significant difference 
as regard LV-GLS and LV-GCS between case and 
control groups. Global values of LV were significantly 
lower in both groups H,[II than in the control subjects 
with p <0.001 as regard both GLS and GCS, indicating 
that patients with diabetes (groups II,JII) ,have a 
decrease in global strain of the LV in contrast to 
healthy subjects, whereas LV function measured by 
conventional echocardiographic techniques were 
normal. This indicates that diabetes may induce early 
LV dysfunction not detected by conventional 2D 
echocardiography measurements and this finding is 
consistent with Wang et al. 0”, 

Global LS in control subject was (-22.88+2.24),. 
This were used to establish abnormal cut-off value of 
global LS. This was calculated as the value of the mean 
2 2SD. Using the cut-off value of (-18.4) we observed 
that global and regional LSs were significantly reduced 
in diabetic patients with 56% of the patients showing 
abnormal LS values compared with the normal range 
obtained from our control group of age-matched 
subjects. 

CS at the base- and the mid-LV levels did not differ 
between groups. However, CS at the apical level was 
significantly lower in diabetic patients, resulting in a 
significant reduction in global CS this finding is 
consistent with Gnakamene et al. 09. 

The present study showed that diabetic duration 
was the only independent predictor for the reduction in 
LS. This highlights the relationship between long-term 
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hyper-glycaemia and the impairment of LS this finding 
is consistent with Lachin et al. “>. 

No significant correlation was noted between the 
reduction of global values of Longitudinal, 
circumferential strain and glycosylated hemoglobin 
(HbAIc), with (P = .097 and .243 respectively) in 
contrary to Zhao et al. “© who suggested a graded 
positive association of HbAlc with the risk of HF 
among both African American and white patients with 
diabetes this may be attributed to the type of the study 
as Zhao et al. “ followed their patient for up to 6 years 
while our study is a retrospective one. 


CONCLUSION 

It could be concluded that assessment of left 
ventricular (LV) systolic function in patients with 
diabetes mellitus by speckle tracking 
echocardiographic modalities can detect subtle LV 
dysfunction earlier than conventional 
echocardiograohic measures. 


RECOMMENDATIONS 

The physicians should be aware the condition 
when examining a patient with long standing diabetes 
mellitus as it may be an important risk factor of 
progressing LV dysfunction and heart failure even in 
absence of structural heart disease. 
Speckle tracking echocardiographic modalities have 
the upper hand in assessment of subtle LV dysfunction 
not detected by conventional methods. As they can 
detect LV dysfunction earlier than conventional 
methods, they may be considered the best non-invasive 
technique in assessment of LV dysfunction in patients 
with diabetes and therefore early detection of LV 
dysfunction which help physicians in improvement of 
mortality and morbidity. 
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